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Abstract
Background—Twinning has been associated with many types of birth defects, although previous 
studies have had inconsistent findings. Many studies lack information about potential confounders, 
particularly use of fertility treatment. Our objective was to assess the association between twinning 
and birth defects in the National Birth Defects Prevention Study (NBDPS).
Methods—We used data from the NBDPS, a population-based, case–control study of major birth 
defects in the USA, to evaluate associations between twinning and birth defects. The study 
population included mothers of twin and singleton controls (live-born infants without major birth 
defects), and cases (fetuses or infants with a major birth defect) born October 1997–December 
2007. Adjusted ORs and 95% CIs were estimated using multivariable logistic regression stratified 
by use of fertility treatment. Twin sex-pairing data and a simulation approach were used to 
estimate the zygosity of twins.
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Results—In the unassisted conception stratum, we observed significant positive associations 
between twinning and 29 of 45 defect groups. The largest effect estimates were observed for 
multiple ventricular septal defects and cloacal exstrophy. Among mothers reporting any use of 
fertility treatments, we observed a significant association with twinning for 5 of 25 defect groups, 
with the largest effect estimates for hypoplastic left heart syndrome and omphalocele. OR 
estimates in the estimated monozygotic stratum were generally further from the null than in the 
dizygotic stratum.
Conclusions—Compared with singletons, a wide range of birth defects are significantly more 
common among twins. Birth defect risk in twins may be differential by use of fertility treatment.
INTRODUCTION
From 1980 to 2011, the rate of twin births in the USA has increased by 75% from ~18.9 to 
33.2 twins per 1000 births.1 Much of this increase has been attributed to increasing use of 
fertility treatments, which is associated with higher rates of multiple gestations.1 In 
comparison with singletons, twins are at increased risk for a number of adverse outcomes 
including preterm birth, low birth weight and infant mortality.2 Monozygotic (MZ) twins are 
at an increased risk of birth defects compared to both singletons and dizygotic (DZ) 
twins.3–6 Significant associations between twinning and birth defects have been observed for 
a wide range of birth defects in large, registry-based studies.6–12 However, many of these 
studies lacked information about important potential confounders or effect modifiers, 
particularly use of fertility treatment. Associations between fertility treatment use and some 
major birth defects have been previously observed for singletons but not for twins or higher 
order multiples; the underlying mechanism for this difference is not well understood.1314
We hypothesised that the risk of birth defects in twins compared with singletons varies 
depending on the specific type of birth defect and use of fertility treatments. Using data from 
the National Birth Defects Prevention Study (NBDPS), our objective was to assess the 
association between twinning and selected major birth defects stratified by use of fertility 
treatment and estimated zygosity.
METHODS
The NBDPS is a population-based, case–control study of major birth defects in the USA. 
NBDPS is a collaborative effort of the Centers for Birth Defects Research and Prevention in 
Arkansas, California, Georgia, Iowa, Massachusetts, North Carolina, New Jersey, New York, 
Texas and Utah. Institutional Review Boards at each site approved the study. Methods for 
the NBDPS have been described in detail previously.1516
Cases of selected birth defects were ascertained through population-based surveillance 
systems at each site, and included live-born infants (all centres), fetal deaths >20 weeks (all 
sites except for New Jersey), and elective terminations of pregnancy (all sites except for 
Massachusetts and New Jersey). Clinical record abstractions for all cases were reviewed at 
each site by a clinical geneticist. Infants with a known chromosomal abnormality or single-
gene condition were excluded. Controls were live-born infants with no major birth defects 
born in the same catchment areas as cases, and were selected at random from birth hospital 
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logs or vital records. In the event that both twins had eligible defects, only the first-born twin 
was included as a study subject. We included data from pregnancies with births on 1 October 
1997 through pregnancies with expected dates of delivery on or before 31 December 2007.
After they provided informed consent, mothers of case and control infants were interviewed 
in English or Spanish, and between 6 weeks and 2 years after the expected date of delivery, 
on topics including pregnancy history, demographic information and exposures that occurred 
during pregnancy. Regarding plurality, mothers were asked: ‘In this pregnancy, how many 
babies were you carrying?’. If necessary for clarification, a second question was asked: ‘Did 
you have a single baby, twins, or more babies?’. Secondary sources of plurality information 
were birth certificates and/or maternal medical records. In the event of discrepancies 
between the plurality reported in the maternal interview or birth certificate, we elected to 
defer to the maternal interview response, because this could be due to clerical errors or to 
death of a cotwin in utero. A sensitivity analysis restricted to mothers without plurality 
discrepancies was conducted to assess the potential impact of this source of 
misclassification. Mothers of triplets and higher order multiples or with missing data were 
excluded from the analysis.
SAS V.9.3 (Cary, North Carolina, USA) was used to conduct all analyses. We used logistic 
regression to assess the association between twinning and each NBDPS-eligible birth defect 
for which there were at least five twin cases. The following variables, selected a priori, were 
included in the multivariable logistic regression models: maternal age at delivery (years, 
continuous); race/ethnicity (non-Hispanic white, other); smoking from 1 month prior to 
conception through the third month of pregnancy (any, none); parity (no previous live births, 
at least one previous live birth); obesity (body mass index <30 kg/m2, ≥30 kg/m2); 
educational attainment (up to high school graduate or equivalent, more than high school); 
use of a folic acid-containing multivitamin from 1 month prior to conception through the 
first month of pregnancy (any, none); and study site. Mothers with missing data for any of 
the covariates were excluded from the analysis. Since the aetiology of isolated defects may 
differ from the aetiology of multiple defects, we also conducted subanalyses in which we 
excluded cases with more than one unrelated major defect.1517
Preliminary models were examined for statistical interaction between twinning and use of 
fertility treatment. As this interaction was statistically significant (p<0.05) for most of the 
models, we stratified the results by any use of fertility treatments. Any fertility treatment 
was defined as use of fertility-enhancing medications (eg, clomiphene citrate) and/or 
maternal procedures (eg, in vitro fertilisation).
Previous studies have suggested that the magnitude of the association between twinning and 
birth defects varies by zygosity, with stronger associations observed for MZ twins than for 
DZ twins.412 However, the NBDPS does not routinely collect information on cotwins, 
including zygosity or sex. Although not able to directly obtain zygosity information, we 
were able to obtain information on the sex of many of the cotwins through linkage with birth 
certificates. Using information relating to mother’s name, study infant’s name and the study 
infant’s date of birth to link records with the birth certificate of the cotwin, we were able to 
identify the sex of the cotwin for 176 of 227 control twin pairs (77.5%; 112 like-sex pairs 
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and 64 unlike-sex pairs) and 875 of 1250 case twin pairs (70.0%; 603 like-sex pairs and 272 
unlike-sex pairs). Unlike-sex twin pairs can be assumed to be DZ, but the zygosity of like-
sex pairs cannot be identified without further information. Although twin sex-pairing is an 
imperfect classification of zygosity, we estimated crude ORs (cORs) and 95% CIs for the 
association between twinning and specific birth defects for the like-sex and unlike-sex 
pairs.46
Since the interpretation of like-sex twin associations is limited, we also used a simulation 
modelling approach to classify the zygosity of the like-sex twins, which has been previously 
described in detail.18 The modelling parameters were defined using an approach described 
by Hardin et al.19 Using the proportion of male twins in our sample, we estimated the 
proportion of DZ twins among control twins, and the proportion of MZ twins among the 
like-sex twins. We then used a Monte Carlo sampling approach, constructing 1000 data sets 
in which like-sex twins were randomly designated as MZ or DZ based on our estimates of 
the distribution of MZ twins in our sample. In each dataset, we estimated ORs for each birth 
defect of interest using logistic regression, and obtained summary ORs and 95% uncertainty 
intervals for each association. We were not able to obtain cotwin data for participants from 
the Utah study site; therefore, the twin (17 controls and 104 cases) and singleton (599 
controls and 1702 cases) infants from this study site were excluded from these subanalyses.
RESULTS
Among the 8470 mothers of controls, ~2.7% (n=227) of mothers reported a twin pregnancy; 
5.9% of case mothers (n=1250/21 079) reported a twin pregnancy. The interview 
participation rate was 68.4% for case mothers and 65.7% for control mothers. There were 51 
infants (17 controls and 34 cases) whose mother did not answer the plurality question in the 
interview, but who were identified as singletons on birth certificates and were classified as 
singletons for this analysis. Approximately 18.1% of controls identified as twins in the 
maternal interview were documented as singletons in the clinical records (n=41/227); for 
cases, this proportion was 14.6% (n=182/1250). All infants reported as singletons during the 
interview were also identified as singletons on birth certificates. One control mother was 
excluded due to missing information on plurality in both information sources. After 
excluding mothers with missing covariate information, the final sample included 7872 
mothers of controls (218 twins; 7654 singletons), and 20 809 mothers of cases (1182 twins; 
19 627 singletons). Any use of fertility treatment was much more common among twin 
pregnancies than singleton pregnancies for both controls (32.6% and 3.2%, respectively), 
and cases (29.2% and 4.2%, respectively) (table 1). For both control and case mothers, 
mothers of twins were more likely to be older than 29 years, non-Hispanic white, have 
attained more than a high school education and have taken a folic acid-containing multi-
vitamin during the periconceptional period than mothers of singletons. A relatively large 
proportion of twin pregnancies were from the Massachusetts study site (23.4% of twin 
controls and 20.3% of twin cases, compared to 12.5% of singleton controls and 13.2% of 
singleton cases), where there is a state mandate that insurers provide coverage for fertility 
treatments, including in vitro fertilisation.
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Of the 50 NBDPS-eligible birth defect categories with at least five twins, 34 (68%) were 
significantly associated with twinning in the analysis that was not stratified by use of fertility 
treatment; adjusted ORs were above the null for all defects, ranging from 1.1 (for 
gastroschisis) to 9.2 (for multiple ventricular septal defects (VSD)) (table 2). The 
associations with the largest magnitude were multiple VSDs, intercalary limb deficiency and 
cloacal exstrophy.
After stratifying by use of fertility treatments, there were fewer defect categories that met 
our criterion of having at least five twin pregnancies among mothers of cases who reported 
use of fertility treatments (24 of the 50 examined in the non-stratified analysis); we were 
able to examine 45 of 50 defect categories among women who did not report use of fertility 
treatments. Defects significantly associated with twinning among women who reported any 
use of fertility treatment were anotia/microtia, perimembranous VSD, secundum atrial septal 
defect (ASD), hypoplastic left heart syndrome and omphalocele; the association with anotia/
microtia was only significant in this stratum (table 2). The majority (28 of 34) of the 
significant associations observed in the non-stratified analysis remained significant when the 
analysis was restricted to mothers reporting unassisted conception. Biliary atresia was 
significantly associated with twinning only among women reporting unassisted conception; 
we were not able to test this association among mothers reporting use of fertility treatment. 
Only four defect groups were significantly associated with twinning in both the use of 
fertility treatment and unassisted conception strata: perimembranous VSD, secundum ASD, 
hypoplastic left heart syndrome and omphalocele.
In the sensitivity analysis restricted to infants with isolated birth defects, results were 
similar, although with less power than the overall analysis; only hypoplastic left heart 
syndrome was significantly associated with twinning in the fertility treatment stratum 
(adjusted OR 2.7, 95% CI 1.1 to 6.7).
As in the primary analyses, twinning was positively associated with most birth defects in the 
analyses stratified by twin sex-pairing; the magnitude of the association was generally larger 
in the like-sex stratum. Anotia/microtia and dextro-transposition of the great arteries were 
positively associated with twinning in the unlike-sex stratum, but negatively associated with 
twinning in the like-sex stratum, although not all of these associations reached statistical 
significance. The OR estimates in the estimated MZ stratum were further from the null than 
for those in the estimated DZ stratum for all associations tested except for anotia/microtia, 
dextro-transposition of the great arteries, and diaphragmatic hernia (table 3). The simulation 
estimates for the MZ stratum were also generally larger in magnitude than in the like-sex 
twin stratum. The DZ simulation results and the results from the unlike-sex twin stratum did 
not display the same pattern of associations of larger magnitude in the simulated stratum; 
only five of the associations in the simulated stratum were further from the null.
DISCUSSION
We examined associations between selected major structural birth defects and twinning in a 
population-based case–control study, and found that, compared to singletons, twin 
pregnancies were associated with an increased risk for birth defects in nearly every organ 
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system. This is the first study of which we are aware, in which the association between 
twinning and birth defects could be assessed separately among mothers who did and did not 
use fertility treatments. Our unadjusted results were generally similar to registry-based 
studies that have examined the association between twinning and specific birth defects. 
Twins have been observed to have increased risk for a number of specific defects that have 
been observed in multiple studies (either in crude or adjusted analyses), including 
anencephaly,7810 hydrocephalus,810 tetralogy of Fallot,8–10 pulmonary valve stenosis,8–10 
coarctation of the aorta,810 cleft lip with or without cleft palate,910 oesophageal atresia with 
or without tracheoesophageal fistula,8–10 anorectal atresia89 and hypospadias.7–10 Several 
previously unreported associations were observed in our analysis for some common 
combinations of heart defects, such as coarctation of the aorta with VSD, pulmonary valve 
stenosis with ASD and ASD with VSD, and for rare defects such as Dandy Walker 
syndrome. A significant association with spina bifida was observed for multiple births in 
studies using data from Florida and Zhejiang Province, China, but we did not observe an 
increased risk of spina bifida in any of our analyses.710 However, these studies included 
higher order multiples in their analyses. In addition, elective terminations were not included 
for the Massachusetts NBDPS Center, which represented about 25% of the twins, and could 
have contributed to the lower observed rates of spina bifida among twins in our study.
For most defect groups studied, the magnitude of the association with twinning was larger 
among mothers who did not report use of fertility treatments than among those who did 
report use of fertility treatments, although the small sample size of women reporting use of 
fertility treatments inhibits our ability to see associations in that stratum. Results from the 
zygosity simulation suggested that the association with certain birth defects may be stronger 
for MZ twins compared with DZ twins.
Explanations for the observed associations between twinning and birth defects are not clear, 
although our results suggest that there may be differences depending on use of fertility 
treatments, zygosity of twins and the birth defect being considered. Proposed mechanisms 
include a shared aetiology of birth defects and twinning, particularly for MZ twins, or 
consequences of twinning itself, such as crowding, insufficient nutrition supply, or, for MZ 
twins, vascular interchange.32021 One mechanism that may be a factor in the aetiology of 
both twinning and birth defects is subfertility. Factors associated with sub-fertility, such as 
advanced maternal age and obesity, have also been previously associated with twinning.2223 
Owing to small sample size we were unable to further stratify the zygosity subanalyses by 
use of fertility treatment; therefore, some of the difference in the associations for MZ and 
DZ twins may be explained by differential rates of use of fertility treatment in these mothers.
Studies have also shown a higher rate of birth defects among couples with a history of 
infertility, even without the use of fertility treatments.2024 For some defects, such as cloacal 
exstrophy, other potential pathogenic mechanisms include an early disturbance in 
blastogenesis, or a partial or complete duplication of the organising centre within a single 
embryonic disc, which increases the risk of mesodermal insufficiency, and could cause 
failure of cloacal membrane development.25
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Our study has several limitations. First, our study was limited by the relatively small sample 
size of many defect groups after stratifying by use of fertility treatment and estimated 
zygosity. Information on fertility treatments and other pregnancy exposures was self-
reported during a retrospective maternal interview, so we cannot rule out exposure 
misclassification resulting from inaccurate recall; the average age of infants at the maternal 
interview was 9 months for controls and 11 months for cases. Approximately 30% of case 
and control mothers eligible for the NBDPS did not participate in the interview. Owing to 
small sample size, we were also unable to stratify by type of fertility treatment. For mothers 
who reported use of fertility treatment, we were unable to determine the number of embryos 
implanted, which is a strong predictor of twinning, and may be related to risk of birth 
defects.14 Another limitation is that mothers more frequently reported twin pregnancies 
during the interview than were recorded on the birth certificate or maternal hospital records. 
However, results from a sensitivity analysis restricted to mothers without plurality 
discrepancies did not differ from the primary analysis, supporting that this potential 
misclassification had a minimal effect.
We assessed the risk of birth defects in only one twin, as only one of the twins was included 
in the study. Therefore, the unit of observation in our study was the included twin rather than 
the risk of birth defects in the twin pregnancy, and may not accurately represent the risk of 
birth defects in the cotwin, as it was possible for the cotwin to have the same birth defect(s), 
different birth defect(s), or none.
We were also unable to directly determine zygosity. This limitation is important because the 
risk of birth defects has been observed to be greater for MZ twins than for DZ twins.1112 
Information on zygosity is particularly difficult to obtain, as the gold-standard for 
determining zygosity is genetic analysis.26 Even self-report of zygosity from parents is not a 
reliable source of information on zygosity.27 However, our simulation modelling approach 
may be a useful alternative to the more rudimentary sex-pair analysis for like-sex twins, as 
the uncertainty caused by the potential misclassification is taken into account. The 
simulation provided some evidence that using like-sex as a crude proxy for monozygosity 
may result in an underestimate of the risk of birth defects in MZ twins. In addition, we were 
able to assess birth defects associations in the estimated DZ stratum that we were not able to 
assess in the unlike-sex stratum as a result of small cell sizes. Although the risk of birth 
defects in twins has also been shown to vary by chorionicity, we were not able to assess 
this.11
Strengths of this study include use of a demographically diverse, population-based sample 
from 10 regions across the USA, with careful review and classification of birth defects. We 
were able to assess the association between twinning and specific birth defects accounting 
for important potential confounders and effect modifiers, in particular, use of fertility 
treatments.
Twinning was associated with an increased risk of many major structural birth defects in the 
NBDPS. Although there appears to be a differential risk of birth defects by use of fertility 
treatment, future studies with larger sample sizes are needed to confirm these findings. 
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These results may better assist clinicians in counselling women on the risk of birth defects 
associated with a twin pregnancy.
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What is already known on this subject
The rate of twin births in the USA has increased by 75% from 1980 to 2011. In 
comparison with singletons, twins have an increased risk of birth defects. Although use 
of fertility treatments has been considered the primary reason for the observed increase in 
twinning, few studies have examined the impact of use of fertility treatment on twins’ 
risk of birth defects.
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What this study adds
Our results suggest that the risk of birth defects in twins, as compared to singletons, may 
be greater among mothers who did not report use of fertility treatments than among those 
who did report use of fertility treatments. These results may better assist clinicians in 
counselling women on the risk of birth defects associated with a twin pregnancy.
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